We report seven patients, including three previously undiagnosed diabetics, who presented with focal seizures and non-ketotic hyperglycaemia. We suggest that once clinicians are made aware of the association between focal seizures and hyperglycaemia, as happened early in 1989 at this hospital, further cases are readily identified and managed more appropriately.
the preceding 10 years looking for the combined international disease coding for diabetes mellitus (DM) and focal seizures. Only one patient (case 6) was identified in this way, and the significance of the association had not been appreciated by the attending physicians. The seventh case was an outpatient. The admission data on all patients is summarised in table 1. Table 2 gives details of the patterns of seizure.
CASE REPORTS
Case 1-A 39 year old carpenter was admitted in January 1989 with intermittent muscle spasms affecting the right arm for three weeks. His intake of alcohol had been high in the past, but he had been teetotal for six months. The onset was abrupt with episodes of painful tonic flexion of the right thumb and fingers. Progressively more proximal parts of the arm became affected until a full Jacksonian sequence was seen: tonic flexion of the wrist followed by flexion at the elbow and abduction at the shoulder as the whole arm was twisted into a bizarre posture. A brief period of jerking of the arm was then followed by postictal weakness. Dozens of attacks occurred daily without obvious trigger and jerking of the arm was observed during sleep. After one week in hospital the seizures also affected the face with speech arrest. Blood glucose on admission was 55-1 mmol/l without ketonuria; serum calcium and magnesium concentrations were within normal limits. There was no past history of blood glucose remained between 4 and 6 mmol/l. Four months later after a single recurrence, carbamazepine was started. Over the next four years, despite therapeutic carbamazepine levels, seizures recurred only when good diabetic control was lost on three occasions (glycosylated Hb 13%, normal range < 7-5%; blood glucose between 10-14 mmol/l on each occasion).
Discussion
These seven patients (all black) developed focal seizures with non-ketotic hyperglycaemia. In cases 1 and 3 there was mild acidosis not accompanied by significant ketonuria, suggesting the absence of ketonaemia. Despite the single finding of 3+ ketonuria in case 6, we do not believe this was a case of diabetic ketoacidosis as the laboratory measured CO2 was normal. The focal seizures led to the discovery of DM in cases 1, 2, and 6. In nine of 21 reported patients with hyperglycaemia and epilepsia partialis continua, the seizure disorder was the earliest manifestation of DM,4
and four of the five cases with focal seizures reported by Grant and Warlow were newly diagnosed diabetics.5 Thus along with polydipsia and polyuria, focal seizures may be an early symptom of non-ketotic hyperglycaemia in DM.
As illustrated by four of our cases (4, 5, 6, 7) hyperglycaemia induced seizures may recur when glycaemic control is lost, even if the patient is on long term anticonvulsant drugs. As far as we are aware this observation has not been reported before. The rare phenomenon of movement induced (kinesigenic) seizures was noted in three of our patients (cases 2, 3, 4). Kinesigenesis was diagnosed in case 2 based on her vivid description of a focal seizure provoked by walking; in cases 3 and 4 focal seizures could be repeatedly induced by asking the patient to move the limb. Brick et al6 recently reported this phenomenon of reflex epilepsy in five patients (aged 54 to 66 years) with non-ketotic hyperglycaemia, and these authors point out that only eight cases have been previously recorded. They noted that after each kinesigenic seizure there is a refractory period, which may be as long as 30 minutes, during which a second seizure cannot be provoked. 6 Gabor was able to show independence from peripheral afferent impulses by administering a brachial plexus block to a patient with kinesigenic seizures of the left arm. Seizure activity persisted in the head and neck and was recorded on an electroencephalogram when the patient, still hyperglycaemic, attempted to move her paralysed arm. 7 The cause of the association between hyperglycaemia and focal seizures is still debated. The explanation of hypertonicity or hyperglycaemia alone is unsatisfactory as in diabetic ketoacidosis focal seizures are rare. Osmolarity in our patients ranged from mild to moderate values (299 1 to 346X5 mmol/l) while in the patients reported by Grant and Warlow, corresponding values were either normal or slightly raised.5 In the presence of hyperglycaemia GABA metabolism is increased and the levels of this important inhibitory neurotransmitter may be depressed resulting in a reduction of seizure threshold. Ketosis itself has an anticonvulsant action due to intracellular acidosis which is known to increase glutamic acid decarboxylase activity leading to increased levels of GABA.8 Focal reduction in blood flow may be important and is known to occur in hyperglycaemia9 but even when this was severe enough to cause cerebral infarction (seen on CT scanning in our cases 2 and 4) focal seizures occurred only when blood glucose was high.
Focal seizures associated with non-ketotic hyperglycaemia are refractory to anticonvulsant treatmnent and respond best to insulin and rehydration. All except our most recent case (case 5) received anticonvulsant drugs initially which were withdrawn without the return of seizures in the absence of hyperglycaemia. Anticonvulsant treatment was continued in cases 6 and 7, though in both of these cases focal seizures recurred when glycaemic control was lost. Furthermore, phenytoin has been shown to inhibit insulin secretion and may well aggravate hyperglycaemia.°0
In conclusion, there needs to be greater awareness of the association of non-ketotic hyperglycaemia and focal epilepsy. If not recognised the diagnosis of DM may be missed and the patient subjected to unnecessary investigations and inappropriate treatment. The occurrence of focal seizures in a middle aged to elderly patient should signal the possibility of DM.
